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MeraoDs AND costs AT THE GRANITE QUARRY AND CRUSHED-STONE PLANT 


By T. I. Weston? 


This is one of a series of papers being prepared for and published by 
the United States Bureau of Mines, describing mining and milling methods and 
costs at crushed-stone plants throughout the United States. These papers are 
designed to disseminate technical information regarding the methods used. 

The cost tabulations represent operating expenditures only and not total 
production costs. It is recognized that publication of total production costs 
might in many instances cause embarrassment to individual producers, as well 
as to the industry as a whole. However, operating costs are essential to the 
technical discussion and study of the methods employed. The attention of the 
reader is specifically called to this differentiation in order that no mis- 
understanding of the scope of the cost tabulations shall ensue. 
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LOCATION OF PROPERTY 


The quarry described in this paper is situated on the south bank of the 
Congaree River at Oayce, 3 miles from Columbia, S. C. ‘It is on’the main line 
of the Seaboard Air Line Railway and but a few hundred yards from the main 
line of the Southern Railway. Having other railway connections at Columbia, 
it is well located to obtain a wide distribution of its products by rail. 
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HI STORY 


The quarry has been in operation for more than 40 years, but it was not 
until 1908 that crushing equipment was installed. This first mill was run 
by steam and had a.daily capacity of 600 tons. The plant..and the quarry were 
purciased from R. G Ross in 1912 by the present ovmers. in order to in- 
crease capacity and to cut costs, the crushing plant was ‘rebuilt in 1916, 
electrified throughout, and a larger crusner installed. In August 1926 a 
fire destroyed the mill, but it was rebuilt immediately, and the new plant 
(with capacity increased to 1,500 tons daily) was in successful operation in 
November of the same year--less than 4 months after the fire. 


GEOLOGY 


The quarry is -in flat country about 2 miles. eouth of the fall line of 
the Piedmont Plateau, in an area of crystalline rocks. The general surface 
level is about 40 to 50 feet above the Congaree River. The quarry rock is a. 
gray, fine- to coarse-grained biotite granite which underlies a recoverable 
area of about 75 acres and is possibly a part of the same granite mass which 
is exposed in the old quarries almost directly across the Congaree River. 
The granite is covered -by an overburden of rotten granite and clay ranging 
from 1 to 30 poet in — and averaging. merpeee 10 to le feet. | 


Two svete of Seine: are developed in ‘the gianitessoue nearly hori- 
zontal and one roughly vertical-~but.with wide variation in spacing, which 
seems to average closer at the surface than at the quarry floor 200 feet be- 
low. ‘The jointing gives considerable trouble in both drilling es blasting. 
The granite contains few or no inclusions of other rock. . 


PHYSICAL CHARACTERISTICS AND CHEMICAL 
| oarenrs oy 
‘The hitieduat comity: were obtained from otic | tests cae. on the 

granite by tie’ bles of Public Roads of the United States. ee of. 
Agricalture: me Z 

Specific ae ee a 2.62 

Weight per cubic Foot weswcsevcecrscssvecssacees pounds .. 163 

Weight of water absorbed per cubic foot ........ percent .. 0.31 

Percent of WORT 56 co ree ee ee a Ne on ec are eB 


French coefficient: of wear .......e.ee0 ee wane enero, 1-8. 
HATANESS oe cee c reece esc ccreccersscccccwcsewencnsccesessvces Lbed 
*NPOUPC ANOS 8: 5.6705 % os.c- 5 616.4 cre ie-e wish ie Gio OSs 64S Gwe SHS cS wee LS . 
Crushing strength .....0.0. Saya ows « pounds per square inch... 33,090 


The excellent physical characteristics of the rock enable it to meet the 
most exacting specifications. Chemically it shows but slight variation, as 
is illustrated by the two following analyses: 
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Figure/— Sketch map of Cayce quarry and vicinity. 
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Chemical analyses of Cayse granite 


Constituents IT 
Si0 ere a 72028 
rT, Meee 14.29 
Feo0z eeceanee ee Loot , * 
FeO 4445465 mes (2) - 
T105 ee aera ene 30 
BNO) eerSutatae - 
Ca0: 4cese as 1.88 
Mg0 Core ecerceves 40 
Nan: svecesdiue 5.69 
Rob yates oie pieces 4.05 
S0z wee eee eee ° Trace 
P5905 ee ee ee oe | ee 
Loss on ignition o?l 


Total | 99.69 99.97 


L Sloan, Earle, Catalogue of the Mineral Localities of South Carolina: Bull. 
South Carolina Geol.: Survey, ser. IV, No.. 2, 1908, p. 253. 
2 All iron reported as Fe.0s. 


GENERAL DESCRIPTION OF PIT 


‘The quarry is.a pit about 900 by 800 feet in plan and approximately 200 
feet deep with nearly vertical sides. Figure 1 shows its location with refer- 
ence to the river and nearby railroads and a plan of the cableways and plant 
which serve it... With the exception of a 70-foot bench at the north end which 
is rapidly being worked out, the pit is mined without benching by blasting the 
entire depth of its 200-foot face. 


STRIPPING 


Stripping is done intermittently with a yard, full-circle, caterpillar -_ 


steam shovel loading directly into 2-ton trucks. Approximately 700 tons of 
overburden are stripped per day, and the average haul'is about 800 feet. 
Sometimes the..overburden;is sold as fill, but as a rulé it is wasted and | 
dumped at various points on the property where it will serve some useful pur- 
pose or will be out of the way. The average depth of the overburden is 10 to 
12 feet. In 1929, about 4 acres were stripped, and it has not yet been neces- 
sary to clear more ground. Stripping costs 25 cents per cubic yard, or... - 
$0.0017 per ton:of stone. puolorens based 6n ‘the pregent quarry — of 200 
feet. 
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| PRIMARY DRILLING — 

-Primary-drilling is sone: by four churn. a sen rrr by a 25-hp., 
o90-volt, ac. electric motor. On the benches the drill holes,are 5,inches in 
diameter, spaced.25 feet between centers and 18 feet from the face,"&nd drilled 
1 foot below the quarry floor. When the full quarry face is to be shot, the 
holes are spaced 20 feet between centers and the same distance’ from’ the face 
and are sunk 10 feet below the quarry floor. Regulation chisel bits ‘are used. 
For drilling bench holes the bits-are hand-sharpened, tut for deep hdles they 
are sharpened, by machine because machine-sharpened bits are better for long 
holes in seamy rock and drill a hole of more regular shape. The notmal string 
of tools weighs 1,070 pounds, divided as follows: Bit, 240 pounds; stem, 800 
pounds; and rope socket, 30 pounds. The drills mace fifty 35-inch strokes per 
minute, and the sludge is pumped about every hour. The bits are used 2 to 4 
hours before they are removed for sharpening.. A wooden platform on which a 4 
foot length of casing is mounted acte as a guide in starting noles. The aver- 


as 20 feet is. sowetimes obtained in that time. Cracks or seams in the mae 
occasionally: cause trouble in drilling, in which case scrap wrought iron (old _ 
chain, etc.) is. thrown into the hele:and beaten into the cracks with the drill. 
If this treatment-fails.the bad. section of. the -hole. is. filled with cement. 
which is: drilied out atte it has’ — stony ae at 


” SECONDARY DRILLING 


Secondary drilling is done with ‘12 jackhammers using 7/8-inch solid steel 
for holes up to 6 feet deep and 2 tripod drills with lj-inch hollow steel for 
wet drilling holes 6 to 20' feet deep. Compressed air is supplied from branch 
lines leading down the face of the quarry from a main airline which nearly © 
encircles the pit at the surface. (See fig. 1) : The air presaure at the com- 
pressors is 110 pounds per ‘square inch, which gives a working pressure of 
about 85 pounds at the drills. All rock weighing more than-one half ton, 
which amounts to 25 to 30 percent of the total, is blockiled.. : 


Jackhammer drillers are paid 2.cents per hole drilled. An initial 8 
inches is accounted one hole, and each 4 inches of additional depth is 
credited as anothér hole. -Tis a hole 12 triches deep.is oxédited as two holes. 
Jackhammer drillers average. 600 to 700 holes: ae oe Tripod drillers are 
paid 20 cents per hear. ot See a a 


es ee ~- BLASTING 
‘Figures 2 and- 3: show’ ‘loading. diagrans for: ade ‘bench , and full-face ‘ 
holes. Gelatin dynaniites of: 60 and 75 percent.stfength are used in sticks 16. 
inches long and 44“inches: in-diameter: -The, stronger dynamite ig..employed 
only in the bottom of the holes and averages about 25 percent of the total. . 
used in primary blasting. The holes are not sprung. 


Double-countered cordeau is used for detonation and is connected with a 
main lead of uncountered cordeau which ts fired by a No. G detonator by means. 
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of a hand-operated magneto. Loading is done by a crew of six men; 1 man opens 
the boxes, 1 man loads powder, 1 man loads sand tamping, and 3 men tamp. The 
first 200 to 300 pounds of dynamite are lowered into each hole, and the rest 
is dropped in. A timber billet 5 inches in diameter and 5 feet long loaded 
with lead and weighing 100 pounds is used as a tamping block, From 45 mimtes 
to an hour is required to load a aves ene From 3 to l2 holes are fired 
at a time. | 


A considerable variation will be noted in the loading of the four holes 
shown in figure 2. In hole 1 much of the burden at the top was pulled by a 
previous shot, but the toe was unusually heavy. In hole 2 the burden was 
fairly oven, but seams and deep cracks along the bottom indicated that the 
usual 150-pound charge of 75-percent dynamite could be reduced. Holes 3 and 
4 show loadings under normal conditions where the burden is solid and of 
uniform depth. 


Spaced 25 feet between centers and with a burden of 18 feet, the four 
bench holes shown, using 3,100 pounds of dynamite, broke 123,300 cubic feet 
or 10,000 tons of rock--a ratio of 34 tons per pound of explosive. 


In figure 3, which illustrates the loading of full~face or deep holes, 
the charges in the two holes are staggered insofar as practicable to bring 
the explosive in one hole opposite tamping in the adjoining one. These deep 
holes are carried 10 feet below the quarry floor instead of only 1 foot, as 
with bench holes: Spaced 20 feet between centers and with a 20-foot burden, 
the two holes shown, using 2,800 pounds of dynamite, broke 11,750 tons of 
rock (4.2 tons per pound of explosive). Thus in the deep holes the rock broken 
per pound of explosive is about 30 percent more than in the shallower bench 
holes and equally good fragmentation is obtained because of closer spacing. 
On account. of the large increase in the duty of the explosive when used in 
deep holes, benching will be abandoned as soon as the bench at the north end 
of the quarry is worked back to the quarry face. 


There are no adobe shots. All holes are loaded and tamped with sand by 
a crew of two men. Forty~percent gelatin dynamite in 1- by 8~inch sticks is 
fired by No. 6 detonators and safety fuse with a burning rate of 1 foot in 40 
seconds. Approximately 125 pounds of dynamite per day are used in secondary 
blasting, and about 1,250 tons of rock are loaded per day; the duty obtained, 
therefore, is equal to 10 tons of rock per pound of Seen: Secondary 
shots are fired at noon and at 6: p.m.’ 
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Two full-swing ceteeeunen eesinn one a No. 32 steam shovel with a 
1§-yard dipper and the other a No. ‘50B électric shovel with a 2-yard dipper, 
load the broken rock. Coal for the steam shovel is lowered into the pit in 
a rock skip, and water is brought down over the quarry face from a concrete 
standpipe 4 feet in diameter and 20 feet high, on the surface. Three~phase, 
550—volt alternating current is supplied to the electric shovel through a 
rubber cable laid on the quarry floor from a line carried over the edge of 
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the quarry on poles. The electric shover * ‘thicé’s! the: ‘brent: of: the work and 
loads about 750 tons. per day compared wi th 50 tms handled by. the steam shovel, 
The shovels loac irto.6~ by 94-foot ‘steél “sll ps 2 feet deep, mich hold an 
average of 5 tons cr rock euch. 


“TRAN spent cit: 


The loaded rock is hoisted from the pit and conveyed to the primary 
crusher by. means of two movable.cablewajs swung from stationary masts at the 
discharg 6, énd near the crusher... One mast'is J& feet and tle cther 60 feet 
high. The. opposite end of each cableway a¢foss ‘the pit is attached to a | 
movable tower running on a track with a radius: ‘of curvature equal to the 
length of the cableway. The arrangement of these cableways is shomin _ 
figure 1. Cablewey 1 is about 90C feet lom, and its tower is supported by 
standard railroad trucks rumiing on two standord<gere concentric tracks, ¢7.5 
feet between centers, which the tower bridges. Cableway 2 is 800 feet lorg, 
and its tower runs on “ single. $raot. af 3: ‘foot gaze that is Lanksd at 80 
against the pull of the cable. - The main or track cables are cj inches in 
Giameter and are made of sinzle—strand, 91-wire plow ‘steel. Zach tower is 
equipped with an electric hoist for conveying, one for hoisting end one for 
Gumping the skips. All running cables aro’ of finch: aang and are made of 
6-strand, 19-wire, special stool. oo | : note 


As the hoistman cannot see the sicips, wher inay are: wat down, in the vit 
-or on the quarry floor, he is signaled by e flagnan: stationed. near the dis 
_ charge end of the cableway where the skips are in plata: Bint at. all. ‘times. 


An interesting feature of the cableway Speretion be: the use - of. ‘elght- 
wheel compensating cable carriases, designed and built: by; the ‘company, *that 
automatically adjust themselves to the constantly varying. Curvature of ‘the 
track cables as the skins. travel. back and forth. se of tuese carriages: pro- 
longs: the life of the track cables considerably by eliminating sharp bends 
and ‘by distriouting the: loed-over eight points. A ee of one of these 
carriages ‘and its rigging - ‘Shown in Ficure 46° ge : 

“Re. load on 6 main cable. As made up as follows: Sa 


( 
. ’ a 
. fe 


fo tS . Weight,” pounds: 


CALTAAgZe see e eee eee ee ec ee reser seenseceeensenween,  ° 2eEMO | 
Se ABD: ssl eins w Satsa cece s-vaa WsleGicw Teor ona Slee! se cblss Wns T05) 5. e709 Grose o re ete. 
Blocks Coe r renee cceeesegssassicsesesscosseseerrces 1,506 
aul! Perr ee re Te ee ee ee re ale 
Main fall and dumping line .,..ecess pyeeceseressere _ _%0 
Total dea’. load ee ee . 9,450 

. Live, load (rock)- asMessesreneersncess ip tnnedsh woe. 12,000 
1: Hotel loac coos ee a cule oe ee jeer eacue ote Ae o1,450 
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Figure 4.-Compensating cable carriage and skip. 
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Figure 6.—Schematic diagram of cableway tower and rigging. 
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A spacer carriage which supports the hoist, conveying, and dump lines iis 
placed between the skip carriage and each tower. The spacers travel at one 
half the speed of the main carriaze and are therefore always half-way between 
the main carriage and the end of the cable. Figure 5 shows sections of this 
3—speed spacer. . a 


Figure 6 is a schematic diagram showing a section of the tower of cable~ 
way 1, the rigging of the various hoists and sheaves, the method of attaching 
the main cable to the mast, and the bridle fastening of the dump and hoist 
lines. The latter fastening reduces sudden strains on the mast. and the lines 
and converts part of the direct pull into a compressive strain in the mast. 


Rope speeds for the cableways are as follows: 


peed, feet per minute 


| Cableway 1 Cableway 2 
“Hodsting Line .ecccsesecssceeence ‘1273 126 


Dumping; line eoseoeveaenonnpnoaseeseeovenves Ph 215 250 , 


Conveyor sage aa ak aa aag : 720 900 


Figure 7 shows B plan of ‘the =e the posi tion of the princtpel crush~ 
ing and sizing mes and bin. and ground, Storage. 


wees, v CRUSHING AND SIZING 


Tre ‘loaded ‘podk skips are dumped directly into a 27~inch gyratory crusher 
with a discharge, opening of 6 inches. This crusher is belt-driven at 290 
rep.m. froma 150-hp. motor. The discharge from the crusher is raised by a 
40-inch inclined close=connected chain and bucket elevator | (No. 1) toa 
grizzly made from }-inch manganese~steel plates with a 372° slope and 2g~inch 
round openings. Tris grizzly has 4 panels, each 2 inches by 4 feet, and is 
5 by 8 feet over all. The elevator has a slope of 60° anc is 43 feet 8 inches 
long. It carries 60 manganese~steel buckets on 240 links held together by 
chrome-nickel steel pins. Each bucket is 40 inches wide, of triangular cross- 
section, and 1 foot deep. The elevator is driven 180 f.p.m. by a W-hp., 
800—r.p.m. motor. 


The oversize from the grizzly is discharged to a 54-foot cone crusher 
with an opening of 1+ inches and driven at 490 r.p.m. by a 150-hp. motor. 
The discharge from the cone crusher joins the undersize from the grizzly and 
is raised by elevator 2 to the head of the scalping ecreen. Elevator 2 has 
a vertical heignt of 38 feet between centers and a horizontal length of 23 
feet, It is of the sprocket-and-double~chain type and carries 50 carbon-steel 
buckets, each of which is 30. inches wide and of thangular cross~section, 18 
inches on the chain and 104 inches deep. This elevator is driven 180 f.p.m. 
by a 4O0-hp. 5 900—r.p.Me motor. 
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‘The scalping screen. is a ‘cylindrical trommel 84-incHes in diameter and 
12 feet long, set ona slope of 1+ inches to a foot and lined with 9/16-inch, . 
high-carbon steel plate punched with 24-inch round openings. It is driven at 
13 rip.m. by a 2-hp., 900—r.pim.- motor. The oversize from the scalping 
screen, amounting to about 25 percent of the feed, is carried on a &ply, : 
e4~ingh rubber conveyor belt, 36 feet between centers, with a 1/8-inch top 
cover, a 1/32-inch bottom cover, and a''slope of 17°, to two gyratory orushers 
set with an opening of 12. inches.’ These crushers, which were designed and 
built by the company, are driven at 400 r.p.m. by two 75-hp., 400-r.p.m. ,’ 
squirrel-cage motors. The discharge from the crushers is chuted to piece 
2, which returns it to the scalping screen. The undersize from the scalping 
screen, amounting to about 75 percent of its feed, drops to the main conveyor 
belt, which takes it to the sizing screen. This conveyor is a Sply, 32- 
ounce duck, 30-inch rubber belt. with a.1/8-inch top and 1/16~-inch bottom 
cover. It has‘a horizontal length of 168 feet between centers, a vertical 
height of 55 feet, and is driven 260 f.p.m. by a 20—hp., 720-r.p.m. motor. 


The main’ ‘screen is a 60-inch by 40-foot trunnion-type trommel set.on a 
slope of 1: inches to a foot. The screens in the trommel are made of f-inch 
steel plate punched with round holes of 2-,14-, 1+, and #-ineh diameter in 
the various 4—~foot -sections.-. The jacket,. 80° inches by 21 feet, is also made 
of 5/16-inch steel plate and has 7/16-inch round punched holes. The trommel 
is driven 16 r:p.th by a 20—hp., 720-F.p.ie motor, “It uses about 1,000 ~ 
gallons of ee per minute, which is discharged through.a series of spreys 
inside the trommel. All wash water is supplied through two 400-foot lines of 
6-inch pipe by two 30-hp. electrically driven pumps which are rated at 1,440 
gallons per minute against @ vertical head of 100 feet. The sizing screen 
makes five sizés of Washed | stone that "s ‘are chuted to bins airectiy below. 
These sizes are: 


Size inches | 5 


Minus 2% plis 2 

Minus 2 plus 14 

Minus 14 plus 1 3 

Minus 1 plus ¥. rr 7 
Minus ?:*plus 3/8 pe 8 OP ) 


The undersize from the sand jacket is flumed to two Wipratine- screens -, 
3/32-inch rustless chrome steel with *B/l6-inch rotind openings. ‘The oversize 
drops to. the bins. The vibrating screéns: are 18 inches wide and 7 feet long 
and have a slope, of 74°. They are driven by two off-center fly-wheel -. 
mechanisms operated by a 74-hp. motor and make 1,050 five-sixteenth~inch | 
throws per minute. The direction of throw is 75° with the horizontal. The 
vibrating screens are provided with washing sprays which discharge 200 gallons 
of water per mimjte. Their oversize is cuted to a bin below and makes a 
sixth size of commercial product. -The -undersize is flumed to‘ the waste pond. 
(See fig. 1.) Figure 8 shows a complete flow sheet of the:plant. 
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Under size 


Main conveyor 
Main screen 


Plus 2,1'.1, 


Oversize 


Conveyor 


gyratory crushers, 
l“-inch discharge 


and Yain. Minus % inch 


Vibrating screen 


Plus %éinch Minu 


Bins or ground storage 


5 V6inch 


Bins or ground 
storage 


-2bt+2 |l-24+)% 
eh ach ks 
150 tons |] 150 tons 100 tons 


_ Total capacity 1000 tons 


Figure 9-Flen.of loading bins, showing 
s/zes and capacit/es. 
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Figure l0- Section through bin and ground storage. 
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STORAGE 


The loading bins of steel and concrete are hopper—bottomed and have a 
combined capacity of 1,000 tons. They are directly underneath the floor sup- 
porting the sizing screen and are high enough above the ground to allow the 
passage of railroad cars and trucks beneath them. Hence, the sized and washed 
stone drops by gravity from the screen to the bins, and from the bins via a 
conveyor to cars or directly to trucks. <A plan of the loading bins with the 


capacity of the eight divisions and the size of stone carried in each is shown 
in figure 9. 


Stone for ground storage is transferred from the loading bins by an elec- 
tric crane mounted on a circular base 90 feet in diameter. The crane has a 
two-drum hoist, a 90-foot boom, and a 24-yard clamshell bucket and is powered 
by a 90-hp. motor. Stone is deposited according to size in one of five piles, 
as shown in figure 7. With the boom at an angle of 20° the bucket has a clean- 
up swing 257 feet in diameter. A cross-section of the loading bins, crane, 
and ground storage is shown in figure 10 and a plan of the storage in figure 
7. With the various sizes piled as shown, the storage capacity served by the 
revolving crane is 40,000 tons. Whenever required ground storage may be in- 
creased by means of a 60-hp. gasoline caterpillar crane with a 4-yard clan- 
shell bucket which removes stone from the niles built by the revolving crane 
and transfers it to others. | 


SHIPPING 


In loading stone from ground storage’'it is picked up by the clamshell 
of the revolving crane and returned to the loading bin. Hand-operated gates 
in the bottom of this bin allow the material to drop onto a conveyor belt 
parallel with the long axis of the bin which discharges it into trucks or 
railroad cars. ‘This conveyor is 113 feet 10 incnes horizontally and 27 feet 
5 inches vertically between centers. It is driven at a rate of 300 f.p.m. 
by a cOmhp. 900-r.p.m. motor and has a 30-inch, 5~ply canvas belt with a 
1/8-inch rubber top and a 1/1G-inch rubber bottom. 


Where customers! specifications require mixed sizes of stone the load- 
ing conveyor receives material from two or more bins and discharges it into. 
a loading head where it is cascaded from three shelves to mix it thoroughly. 
If it is to be delivered by truck it is chuted to a 50-ton bin, but if it is. 
for railroad delivery it is discharged over a stationary plate screen in the 
loading heed, where it is sprozyed with 300 gallons of water per minute to 
eliminate any dust that has accumulated in storage or fines that have been 
formed in bardling. This washing screen has a slope of 325°, is 30 inches 
wide and 8 feet long, and is punched with round holes. Interchangeable plates 
with different-size holes (usually 3/16-inch) are used, depending on the 
minimum size cf material to be retained. Tne water, dust, and other fines 
are flumed to the weste pond. The oversize falls into a box, where it is 
split and discharged by two crosschutes into a carriage traveling at right 
angles to the conveyor which remixes the stone and distributes it over the 
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width of a railroad car below. A section of the loading head showing the 
plate screen and traveling carriage for loading the mixed stone is shown in 
figure 11. The carriage is suspended from a ‘truck runiuing on channel irons- 
as shown and is actuated by a rope running over pulleys from the drum of a 
reversible air motor. This mechanism pulls the carriage back and forth across 
the car while an electric hoist at the side of the track pulls the car slowly 
ahead. In this way the whole car is evenly loaded without niecereenesen of the 
various sizes comprising the mixed stone. 


POWSR 


All machinery in the quarry and plant is » Goerated by siestcielty, ‘with 
the single exception of a steam sghovel. Electric current at 13,000 volts is 
purchased from the Broad River Power Co. and reduced at various transformer 
stations on the property to 550 volts. Power costs $0.0135 per kilowatt—hour 
for the first 100,000 kw.-hr. and $0.01 per kilowatt-hour for the overage. 
About 175,000 to 200, 000 kw.-hr. are used per month. The principal’ power 
‘lines on the property are shown in figure l. | | 


' COMPRESSED AIR 


About 1,300 cubic feet of compressed air per minute are furnished for 
secondary drilling and miscellaneous purposes by two motor-driven o-stage air 
compressors which deliver air to their receivers at 110 pounds per square 
inch pressure. One compressor is belt-driven at GOO r.p.m. by a 150-hp. slip 
ring motor and the other at 240 r.p.m. direct by a 250-lp. synchronous motor. 
The capacities of these compréssors are 600 cubic feet and 1,350 cubic feet 
per minute, respectively. A 4-inch air line 2,000 feet long alinost encircles 
the quarry at the curface (see fig. 1) and is tapped at convenient points by 
e~inch lines carrying the air to the drills on toc quarry Floors where it has 
a terminal pressure of about 85 pounds per square inch. 


“DRAINAGE 


Although the floor of the quarry is about 140 feet below the level of 
the Congaree. River there is little subsoil drainage into the pit. A 40-hp., 
two-stage, centrifugal electric pump rated at 500 gallons ner minute operating 
only 3 or 4 hours per dey lifts the pit water from a sump at one side of the 
quarry tc the surface through 5-inch special tubing in a 6—inch drill hole and 
discharges it into a pond at the surface. This pump operates against | a Noes 
cal head of about 200 feet plus a 40-foot friction head. 
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as fines less than 3/16 inch in size. 


RECOVERY 


as large blocks for jetty works and 3 percent as riprap. 
sold as crushed stone the proportions of the various sizes are as follows: 
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Size, inches 


Minus 23 plus 2 
Mimus 2 plus 14 
Minus ls plus 1 
Mims 1" plus # 
Minus # plus 3/8 
Minus 3/8 plus 3/16 


ORGANIZATION 


WAGES 


Superintendent osccccccccscces 


Foremen @eeeeseeoeeaveveeseaeseeveee'eoen eee @ 
Shovel operators eeveeseevevnesen o 


CAD LEM6D: ive wee bebe ow tae wie ae ie 
DIGSOEW ois sabe ns teres soos — 
Mechanic and sledtrician ree 
Primary drillers ....c.ccscceree 
POWGOEIMEN secesccssvcdovecsons 
Quarry helpers ....eeteeeee oe 


Crusning plant foreman ......+ 
Crushing plant laborers ...... 
Loading foreman ...... 
Loading helpers .ewceccessoses 
General utility men ...... pute 
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About 85 percent of the rock quarried is sold and 15 percent is wasted 
About 2 percent of the total is sold 


Of tne 80 percent 


Tae organization of the quarry and plant Seeenesl is shown in figure 


Wages are based on a 10-hour day and 5$-day week, as follows: 


Weekly wag re 


$55.00 


45.00 
40.00 


40.00 
_ 12.00. 


55.00 


13.75-16.50 


20.00 
, 8.80 
12.00 


40.00 


12.00 


22.00 | 


11.00 
12.00 
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OPERATING COSTS... 


Table 1. - Summary of costs 
Name of quarry: Cayce. eo * . Period covered; Jan. 1 to Dec. 2, 1931. 


Total stone loaded during period: 251,969 short tons. 


Overating costs ts per dry ton of stone mined mined 


Labor | Super- Explo- | Other 
vision sives | supplies 


Stripping ...ececcveee | H0e0115 |$0.0009 


liining 
Drilling; Primary . 
Secondary 
BIASUANE .6 00dee bes 


Loading *eetee5#+e*ee eee 
Transportation . espe 
Miscellaneous ...e6 


Crushing; Primary .... 


Secondary .. 

Tertiary ..-. 
BOPOCRING aceccccsece ° 
Elevating ........ ieee 
Conveying ceevcccsescs ° 
OE ES Pe eee ees 
SUOTAZS coccsevcssecece 


Miscellaneous plant .. 


Total operating cost..| *,2097 0284 ~ .0938| 0164, .0806|  .1451 | .5730 


1/ Primary blasting, dynimi te aay $0. 0209. 
Secondary blasting, do - -O1L76.. 
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Table 2. — Summary of costs in units of labor, power, and supplies 


Name of quarry: Cayce. Period covered: Jan. 1 to Dec. 2, 1931. 


Total stone loaded during period; 251,969 tons. 


| ining |orushing Other) Total 


A. Labor (man<hours (per ton of stone); 
Drilling eeeseeeveoesveveveeeseoeoeeveeeevsevoseesvseaevneeenenv eo? 


BLASCLUOS 6055.66 56a oo 6.00 56-0 a ee ee eee ° ie ae 

Loading ee eoreccesereccs n lies 
AS 6 a:6srave ead oie wiles svete areareetetdeeeee ewer SS i ese ae 
MiSC6LISNCOUS 6.66 6 Wek sitai hee 64s be aa a ews a es 
SPUDOL VL GLOOM: to:0ie-s:0's  -eiersleaie 466s veras ee shew ewwaws -~—-)- 
Total GQUATYTY LADO? 6 és.e's. 6005 Se winne Sete 60 we ae ee ee 
Average tonnage per man per shift .........e --|-- 


B. Power supplies: 
Explosives (pounds per ton); Primary ....... 


Secondary ..... -- - 

Total power (kw.-hr. per ton) cocccscccveces - - 17,985 

Shovels ......0..- ee er ee ree eo fee ieee 

CAD LEWAY G: 66.0 ewe h.065b S66 564 65a ther “—- | == 

Air COMPLEBSOTS ooccercececcccrccscvens meres ee ies 

1D ap lt 0) =e ecg a eer --— | == 

PUMPS oveccccccreevesces coe er eee recccce ee eee 
Crusking eRe CECE HSC HORE OO EHOHROOHEOSE OOS O® — ba 
SCPCONIDNS d4 sts kiwetee nt sensu e decease 0.349| - 


BlLOVAGCINE i i.0e 506s F406 OS oS He he OOS 
Conveying cocrccvccescccccsscecevccccsene 
WASHUNS 6.656 6654 0:94 005.5 ieee ies eeete es 
Drying Ceoeeeeeos eo eos eeeeeeeoeseseseseeoeens 
Storage @eeeeoenpeovpeseeveesvs@aevpeeno@eseenevueanener0 8 
Miscellaneous cccccoccscccseresvegecces 
Fuel (tons of coal, per ton. of stone) 2/ 


1/ One shovel only. Kilowatt-hour aeed per ton handled by this shovel, 0.59. 


2/ One shovel only. 


Table 3. ~- Detailed shovel costs 


Cost per ton loaded 
Labor Power Fuel Supplies Total 


1 Electric $0 .0360 $0.0490 $0.0919 
2 Steam 0480 0518 01329 


1/ Costs computed against tons loaded by each shovel. 


Shovel es ae 
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